Introduction {#Sec1}
============

As of June 4, 2020, more than 6 million COVID-19 cases had been confirmed in more than 215 countries, territories, and regions \[[@CR1]\]. This disease had become a global pandemic from a regional epidemic, and the diagnosis and treatment of this infectious disease was a difficult problem \[[@CR2]\]. As the disease transmission largely subsides in China, a lot of efforts were placed on gathering the knowledge that had been accumulated in this battle. It was clear that the chest CT scan is one of the most important technologies for the diagnosis of COVID-19-related pneumonia. The typical radiographic signature of COVID-19 pneumonia was reported to be the destruction of the lung parenchyma, including ground-glass opacities, consolidation, reticulation/interlobular septal thickening, irregular solid nodules, and fibrous stripes \[[@CR3]--[@CR6]\]. However, previous studies did not specifically analyze the clinical and CT imaging differences in different age groups. Our hospital was the only designated hospital for COVID-19 patients in this city, and the treatment of patients was carried out early. To further improve the understanding and early diagnosis of the disease, we retrospectively reviewed 97 patients admitted in our hospital, and classified them into four age groups. The clinical symptoms and pulmonary CT imaging features were analyzed and summarized for each of the age groups.

Materials and methods {#Sec2}
=====================

Patients {#Sec3}
--------

Inclusion criteria: patients admitted by the Fifth Affiliated Hospital of Sun Yat-sen University with confirmed COVID-19 infection between January 17, 2020 and February 21, 2020 based on a positive result of real-time fluorescence reverse transcriptase-polymerase chain reaction (RT-PCR) detection of SARS-CoV-2 nucleic acid with nasopharyngeal or oropharyngeal swab specimens.

Exclusion criteria: patient without a CT scan during hospitalization.

All patients were divided into four age groups: children (0--17 years), young adults (18--44 years), middle age (45--59 years), and senior (≥ 60 years). All patients received routine CT scan according to the institutional protocol. Comorbidities, symptoms and signs, and other relevant clinical information were collected for all patients. Based on the seventh edition of the China Guidelines for the Diagnosis and Treatment Plan of Novel Coronavirus (2019-nCoV) Infection by the National Health Commission (Trial Version 7) \[[@CR7]\], the patients were also divided into four clinical types: (A) mild, patients showed mild symptoms or did not show the clinical symptoms but no imaging presentations of pneumonia; (B) moderate, patients showed symptoms with fever, respiratory and imaging presentations of pneumonia. (C) severe, patients met any of the following conditions: (1) respiratory distress with RR \> 30 times/min; (2) oxygen saturation ≤ 93% in a resting state as measured by a finger oximeter; (3) PaO2/FiO2 \< 300 mmHg (1 mmHg = 0.133 kPa); (4) pulmonary imaging showed that the lesions significantly progressed \> 50% within 24--48 h; (D) critical, patients met any of the following conditions: (1) respiratory failure occurred and mechanical ventilation required; (2) shock occurred; (3) combination with other organ failure needing ICU intensive care. Their clinical classification at admission and the highest clinical classification were recorded.

Image acquisition {#Sec4}
-----------------

To avoid cross-infection, all patients were scanned on one of three machines according to the time of admission and the location of the ward. The models were uCT 760, United Imaging PET-CT uMI780 and KAIPU CT precision 32. All CT scans were non-enhanced. The model and parameters of the machine are as follows: (A) PET-CT uMI780, 120KV, automatic mAs, layer thickness 1.0 cm, layer spacing 1.0 cm; (B) uCT 760, 120KV, automatic mAs, layer thickness 1.0 cm, layer spacing 1.0 cm; (C) KAIPU CT precision 32, 120KV, automatic mAs, layer thickness 1.1 cm, layer spacing 0.7 cm.

Image evaluation {#Sec5}
----------------

Two chest radiologists with respectively 10 and 7 years of experience in reading chest CT independently reviewed the CT images while blinded to the names and clinical data of these patients. For each patient, the initial chest CT images were evaluated for the following characteristics: patchy/punctate ground-glass opacity (GGO), large/multiple GGO, consolidation, reticulation/interlobular septal thickening, irregular solid nodules, fibrous stripes and no related lesions. Patchy/punctate GGO is defined as a single ground-glass lesion less than 5 cm in diameter of each lobe, and large/multiple GGO is defined as a single lesion larger than 5 cm in diameter or multiple lesions in each lobe. In case of disagreement, the two radiologists reached an agreement through consultation.

Statistical analysis {#Sec6}
--------------------

All statistical analyses were performed using SPSS statistical software (version 25, IBM). The Fisher exact test was used for categorical variables with *p* values corrected using Bonferroni correction. Quantitative variables were analyzed by one-way ANOVA tests, and homogeneity of variance test was done before ANOVA test. Spearman correlation was used to determine the correlation between two variables. To understand the interaction with age, the age groups were numbered thusly and treated as numerical variable in the correlation analysis: 1, the children group; 2, the young adults group; 3, the middle age group; 4, the senior group. *p* values \< 0.05 were considered as statistically significant.

Ethics {#Sec7}
------

Our ethics committee (Medical Ethics Committee of the Fifth Affiliated Hospital of Sun Yat-sen University) approved this retrospective study. Informed consent was waived. The work described has been carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki).

Results {#Sec8}
=======

Characteristics and clinical manifestations {#Sec9}
-------------------------------------------

A total of 98 COVID-19 positive patients were identified, one of which was later excluded because no CT scan was performed (clinical assessment of the patient\'s physical condition is not suitable for CT examination despite this is the standard of care in this institute). Most of these patients had an epidemiological history or corresponding clinical manifestations. The days from the onset of symptoms (for the 12 asymptomatic patients, the day they are admitted in the hospital was used) to the initial CT scan is 0--18 (mean 4.4 ± 4.1 days). Among the 97 infected patients included in the study, 45 were male (46.4%) and 52 were female (53.6%). The distribution of the age groups is: 6 children (5 males, 1 female, mean 5.0 ± 5.2 years), 44 young adults (23 males, 21 females, mean 33.7 ± 6.5 years), 23 middle-age patients (7 males, 16 females, mean 54.7 ± 4.0 years), and 24 seniors (10 males, 14 females, mean 66.2 ± 5.0 years).

The clinical data of patients at different groups are shown in Table [1](#Tab1){ref-type="table"}. The senior group had more comorbidities of hypertension, diabetes mellitus, and heart disease (*p* ≤ 0.05). But no statistical difference was found in obsolete pulmonary tuberculosis or cancers. A total of 85% of patients had cluster onset, with the highest rate in the children and the senior groups (100%). No statistical difference was found in the status of the initial or subsequent RT-PCR, CT, or symptoms and signs. There was a strong positive correlation between the different age groups and the highest clinical classification. No significant difference in clinical classification at admission was found among the four groups.Table 1Clinical characteristics of the different age groups \[*n* (%)\]ParameterTotal (*n* = 97)Children (*n* = 6)Young adults (*n* = 44)Middle age (*n* = 23)Senior (*n* = 24)*p* valueAge(y)45.0 (18.0)5.0 (5.2)33.7 (6.5)54.7 (4.0)66.2 (5.0)Sex0.095Male45 (46.4)5 (83.3)23 (52.3)7 (30.4)10 (41.7)Female52 (53.6)1 (16.7)21 (47.7)16 (69.6)14 (58.3)Comorbiditie**s**21 (21.6)0 (0)1 (2.3)5 (21.7)15 (62.5)***\< 0.001*** Hypertension14 (14.4)0 (0)0 (0)4 (17.4)10 (41.7)***\< 0.001*** Diabetes mellitus5 (5.2)0 (0)0 (0)1 (4.3)4 (16.7)*** 0.024*** Heart disease4 (4.1)0 (0)0 (0)0 (0)4 (16.7)*** 0.014*** Obsolete pulmonary tuberculosis2 (2.1)0 (0)0 (0)0 (0)2 (8.3)0.234 Cancers3 (3.1)0 (0)1 (2.3)1 (4.3)1 (4.2)1.000 Cluster onset83 (85.6)6 (100)33 (75)20 (87.0)24 (100)*** 0.022*** Initial RT-PCR positive67 (69.1)2 (33.3)28 (63.6)18 (78.3)19 (79.2)0.107 Subsequent RT-PCR positive30 (30.9)4 (66.7)16 (36.4)5 (21.7)5 (20.8)0.107 Initial CT positive72 (74.2)4 (66.7)28 (63.6)19 (82.6)21 (87.5)0.150 Subsequent CT positive7 (7.2)0 (0)4 (9.1)1 (4.3)2 (8.3)0.928 CT always negative18 (18.6)2 (33.3)12 (27.3)3 (13.0)1 (4.2)0.058Symptoms and signs No symptoms12 (12.4)1 (16.7)6 (13.6)3 (13.0)2 (8.3)0.901 Fever55 (56.7)2 (33.3)26 (59.1)14 (60.9)13 (54.2)0.684 Cough and expectoration43 (44.3)4 (66.7)19 (43.2)9 (39.1)11 (45.8)0.710 Pharyngeal discomfort13 (13.4)0 (0)9 (20.5)2 (8.7)2 (8.3)0.425 Myalgia6 (6.2)0 (0)3 (6.8)1 (4.3)2 (8.3)1.000 Fatigue8 (8.2)0 (0)4 (9.1)1 (4.3)3 (12.5)0.749 Dizziness and headache7 (7.2)1 (16.7)3 (6.8)0 (0)3 (12.5)0.225 Chest tightness4 (4.1)0 (0)2 (4.5)2 (8.7)0 (0)0.437 Abdominal pain/Diarrhea6 (6.2)0 (0)3 (6.8)1 (4.3)2 (8.3)0.437Clinical classification at admission0.257 Mild10 (10.3)0 (0)7 (15.9)1 (4.3)2 (8.3) Ordinary82 (84.5)6 (100)36 (81.7)22 (95.7)18 (75) Severe4 (4.1)0 (0)1 (2.3)0 (0)3 (12.5) Critical1 (1.0)0 (0)0 (0)0 (0)1 (4.2)Highest clinical classification***\< 0.001*** Mild10 (10.3)0 (0)7 (15.9)1 (4.3)2 (8.3) Ordinary65 (67.0)6 (100)32 (72.7)19 (82.6)8 (33.3) Severe5 (5.2)0 (0)0 (0)0 (0)5 (5.2) Critical17 (17.5)0 (0)5 (11.4)3 (13.0)9 (37.5)Statistically significant p values are in boldData are *n* (%), mean (SD), median (IQR)

Chest CT findings {#Sec10}
-----------------

The initial CT features of the different age groups are shown in Table [2](#Tab2){ref-type="table"}. The imaging finding of large/multiple GGO has a higher incidence in the senior group (*p* = 0.005). There was a strong positive correlation between the different age groups and numbers of lobes affected, and the number of lesions affected increased with age. The children group was mostly negative for chest CT or involvement of only one lobe of the lung. While the senior group had a higher incidence of involvement of four or five lung lobes.Table 2Initial CT Features of the different age groupsParameterTotal (*n* = 97)Children (*n* = 6)Young adults (*n* = 44)Middle age (*n* = 23)Senior (*n* = 24)*p* valueCT features Patchy/punctate GGO64 (66.0)4 (66.7)25 (56.8)17 (73.9)19 (79.2)0.180 Large/multiple GGO56 (57.7)0 (0)23 (52.3)15 (65.2)18 (75.0)**0.005** Consolidation14 (14.4)0 (0)6 (13.6)2 (8.7)6 (25.0)0.377Reticulation/interlobular septal thickening13 (13.4)0 (0)3 (6.8)4 (17.4)6 (25.0)0.135 Irregular solid nodules6 (6.2)0 (0)3 (6.8)2 (8.7)1 (4.2)0.915 Fibrous stripes8 (8.2)0 (0)3 (6.8)3 (13.0)2 (8.3)0.794 No related lesions25 (25.8)2 (33.3)16 (36.4)4 (17.4)3 (12.5)0.107Numbers of lobes affected**\< 0.001** 027 (27.8)2 (33.3)16 (36.4)5 (21.7)3 (12.5) 114 (14.4)4 (66.7)7 (15.9)2 (8.7)3 (12.5) 217 (17.5)0 (0)11 (25.0)3 (13.0)3 (12.5) 35 (5.2)0 (0)2 (4.5)2 (8.7)1 (4.2) 416 (16.5)0 (0)3 (6.8)4 (17.4)9 (37.5) 518 (18.6)0 (0)5 (11.4)7 (30.4)5 (20.8)Frequency of lobe involvement Right upper lobe33 (34.0)1 (16.7)9 (20.5)10 (43.5)13 (54.2)**0.020** Right middle lobe34 (35.1)0 (0)9 (20.5)11 (47.8)14 (58.3)**0.002** Right lower lobe45 (46.4)0 (0)18 (40.9)15 (65.2)12 (50.0)**0.024** Left upper lobe41 (42.3)0 (0)14 (31.8)12 (52.2)15 (62.5)**0.009** Left lower lobe59 (60.8)3 (50.0)21 (47.7)17 (73.9)18 (75.0)0.062 Bilateral lung disease52 (53.6)0 (0)20 (45.5)15 (65.2)17 (70.8)**0.005**Statistically significant p values are in boldData are *n* (%), mean (SD), median (IQR)

There were statistically significant differences between different age groups and frequency of lobe involvement including right upper lobe, right middle lobe, right lower lobe, left upper lobe. The incidence of bilateral disease was higher (17/24, 70.8%) in the senior group (*p* = 0.005). We found no significant differences in CT features of patchy/punctate GGO, consolidation, reticulation /interlobular septal thickening, irregular solid, nodules and fibrous stripes among the four groups.

Discussion {#Sec11}
==========

This retrospective study of these 97 cases shows that the clinical and CT manifestations of patients of different ages are not exactly the same. Compared with younger patients, older patients have poorer prognosis and higher mortality. Clinical symptoms can reflect the patient\'s physical condition and CT features often indicate the clinical severity. Studying the clinical and CT features of them is helpful to deepen our understanding of differences in disease characteristics between different age groups and aim the clinical diagnosis and treatment decision-making (Figs. [1](#Fig1){ref-type="fig"}, [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"}).Fig. 1Axial non-enhanced chest CT of a 15-year-old boy with confirmed COVID-19 infection. **a** Chest CT at admission shows patchy GGO lesions in the left lower lobe subpleural (white arrow). **b** The same slice 5 days later, the GGO starts to fade. **c** 31 days later, appearance normalizedFig. 2Axial non-enhanced chest CT of a 36-year-old male patient with fatigue, myalgia, and fever at admission. **a** Multiple GGO lesions in the bilateral lung (white arrow). **b** Fibrous stripes can be seen in the lower lobe of both lungs (white arrow)Fig. 3Axial non-enhanced chest CT of a asymptomatic 56-year-old male patient at admission. **a** patchy GGO lesions in the left upper lobe. **b** Some of the lesions are located under the pleura, some are distributed along the bronchi (white arrow)Fig. 4Axial non-enhanced chest CT of a 60-year-old male patient with maximum body temperature at 38 ℃ at admission. The images show diffuse large/multiple GGO lesions in the bilateral lung lobes with interlobular septal thickening (crazy-paving pattern) with partial consolidation (white arrow)

Based on the data of our hospital, a larger proportion of patients in the senior group have hypertension, diabetes mellitus, and heart disease. It has been suggested that older patients with multiple comorbidities are more likely to have impaired body function and weakened immune system and thus are more susceptible to the coronavirus \[[@CR8]\]. Signs and symptoms are not significantly different in these age groups. Patients of every age can present fever, cough, expectoration, pharyngeal discomfort, myalgia, fatigue, dizziness, headache, and chest tightness. But overall, patients are more likely to have fever, cough, and expectoration at the time of onset, which is consistent with previous research \[[@CR9]\]. However, it is worth noting that we found that some older patients only had gastrointestinal symptoms at the beginning, and some even had no symptoms. In other words, even older patients may not have typical clinical symptoms due to strong immunity or selective virus attack \[[@CR10]\]. The initial clinical classifications of all patients at the time of admission are mostly ordinary, and there is no significant difference among different age groups. Yet, there is a significant difference in the highest clinical classification, where older patients are more likely to develop more severe clinical symptoms. For these older patients, clinicians need to keep a closer monitoring. This result is consistent with previous research results; this may due to their weakened immune function \[[@CR11]\].

In terms of CT features, GGO is the most common imaging manifestation of coronavirus pneumonia, which suggests that the COVID-19 pneumonia is mainly based on the exudation of interstitial lung \[[@CR12], [@CR13]\]. This also means that the pathological mechanism of the disease is dilatation and congestion of alveolar septal capillaries, fluid exudation in the alveolar cavity and interstitial edema of the leaflet septum \[[@CR7], [@CR14]\]. But there is no obvious difference in the feature of GGO among the four groups. The only statistically significant feature is large/multiple GGO. The older the age, the greater the proportion of such signs. There is a strong correlation between different age groups and the numbers of lobes affected. The older patients are more likely to have extensive lung lobe involvement and interstitial changes which may indicate that older people\'s lungs are more susceptible to viral infections and virus spreads more easily \[[@CR15], [@CR16]\]. With the increase of age, the probability of occurrence of lesions in the right upper lobe, right middle lobe, right lower lobe, and left upper lobe increases. More than half of the patients have simultaneous onset of both lungs and the highest rate is in the senior group, and this feature was not seen in children group. This also indicates that the virus is more invasive in the lungs of the older patients \[[@CR17]\].

In conclusion, the clinical features of comorbidities, cluster onset, highest clinical classification and CT features of large/multiple GGO, numbers of lobes affected and frequency of lobe involvement patients in different age groups were found to be significantly different among the different age groups. A better understanding of these differences can be useful in the early diagnosis of COVID-19 patients of different age groups. Especially for older patients who are more likely to have poorer physical conditions, features from CT can provide important information for early diagnosis and support treatment stratification.
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